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Study ¢f the rproperties
titarate, disccovered by B. M. Vul
processes, which expla’r« its nig
sentially similar to that which takes tla
tion of classical ferroelectrics typified by Roch
is @specially noticeatle in the observed du ratlJ“
In the present paper there is ziven a ::ﬁpar son
of the discharze curves for saunles of bzrium ti-
salt along the A axes, at varicus temperatures.
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Judging by recent results the ferroelectric preoperties
of barium titanate are very sensitive to impurities., This leads
to the idea that here we have to do with disturbances which pro-
duce changes in the crystal lattice.

In the ordinary methods of studying the dielectric co
stant by means cf capacity measurements, using the rescnance me
at variocus frequencies and the ballistic method ar comstant lie
the results are characteristic of a substance undergc.ng on the
whole a cycle of processes,

For an explanation cf the mechanism depbxd ng cn the
greater susceptibility of ferroelectrics, it is of interest to
know in detail how the time processes of dielectric polarizaticn
take place. Goldecke,! by means of a rather cumbersome vacuum
tube circuit, made a similar study of this type on the proces
of depolarizaticn in Rochelle salt. Goldecke's circuit allcwed
him to observe indirectly such processes in discrete moments of
t ifne .

In the present work a specially constructed coscillograph
was used tc directly produce an uninterrupted record of the pro-
cesses of discharge of a capacity, with the dielectrics under study,
for the active resistance.




3
3

oM

samp¢es di
ordinary s
t the {resu
r the sampl

.
-
-
-

o

e
o

"

g
8]
103 b ot

Q
5 ot

by @ D Y
o

Qo
"3

e G eR
ct DO D
O

-
»

UG 0

3 b ot
D 14D

O OO
Bty ot
3

0 I B
)
ot

MH
w oy

n cr o @
Y by e
e

D M~ O
1
OIS B ]

O D

jnlile BN BN @]

W ¢t U ot

o ks e

W - 3

(I’ bt gt "5

[

S0 ow b

)

o ¢

ot Yot
<

'y oy

[olle B e

O oot
@
cta
wy iy
D B :‘ﬂ
ot £ty
ot -~
]
W oo

¢ e

4]
|l W

h]
ot

oy
Y

on rlexig.as was used for decipher-
quenice cof operations in the treatzent
slane eliminated tne 1nf?uance of the
ame 4re54;u1“;) frem the proiectisn on
e

.
>

g
D
n

It
i3

< b by
0mnO

[ ]

o
ct 3
o 2 ¢ IS

L

[0

ct Q

¢t oot
o ST
"3 b
M ot MO
S I IS B, SIS o
[§)] :j ) e

OO
i
.

oy oot
3]
&)
OO
&)
m DO
L6 TR TRV I S

2O e
SN pede by

D
roet
boe ¢

Oy
[@ BES

O
O
¢t

jay

Ry

G
D

ot
Dt O
(eI

Y

(@]

o bt Y P LY
o

-y
M 0
o
s
Tt
oy
2 a
-y
sl *3
-1 ¢t (D
[l
[€2 I
[y
o
:‘5#‘
b
',.1
ot ¢t
"‘"*w
D
+ )
2 by
Q
ot
A
pde (D
o]
ug O
(&
[ IK1]
o'y
oo I )
[ ey
H A
¢t O
e 3
e}
QO
(nl“*:

e

Pl
< Q0

M I

ot

N

bl (O
(S

-

[

the dle ectric CA:s+ant of the ba lum
; :lated from the slope of the lines ¢n
graphs (see Flgs.lb 2b and the straight line section
z., ib) at various temperatures in the range L#° to 164°, The
drawn through the calculated points, reyroduces in detail
corresponding to the curves as plottea from data obtained
crdinary rescnance method., The values of the dielectric
ant of barium titanate resulting from adjustment with the

gram are presen-ed in the table as a function ~f temperature
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. la, 2a and 3a there are shcown the curves of the
mple of a ceramic condenser of barium titanate in
» 12 mm in diameter and 2 mm thick for R = 12 Mw.
The curves are plctted from points taken from the oscillogram, &as
a rule every 1x10-3 sec, There was no need to take points much
cleser than this, On the vertical axes there is pletted in mm.

~ne ccrrected lengths corresponding to the ordinates of the oscil-
logram on a flat screen 20 x 30 em where 1 mm corresponds approxi-

mately to 1,5 volt potential difference on the condenser under
study.
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L&

LT
(see table on bottom of pg. 810)
€ x 107%  —cem

The curves cn Fig, la refer to temperatures below the Curie point
and those of Fig, 2a above the Curie point. 3Separate on Fig. 3a

are the curves for temperatures much above the Curie point, where
the leakage and self-discharge of the sample become appreciable.

The curves of the discharge of the sample by itself in this case

are plotted on the upper part of Fig, 3a., As will be shown below

in this case the curves of discharge of the sample on an external
resistance also begins to have substantlal peculiarities, The
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curves above and below the Curie point as presented on Figs. la
and 2a, fully conform to the equaticn

v, = Vo e /RC

In fact, as shown in the zraphs (Figs. 1b & 2b) the re-
lations 4n VO/Vt = ﬁ%‘ t are quite linear and vroceed strictly
from the co-ordinate corigins. This means, that directly from
the moment of the origin of the discharge the barium titanate
condenser already exhibits a large dielectric constant. Then
the polarization mechanism deteriorates very quickly, and the
dielectric constant does not vary during the process cf discharge.
Precisely for this reason barium titanate in contrast to Rochelle
salt does not have a lower dielectric constant even at very high
frequencies as was shown by direct measurements.<,

Only considerably above the Curie point do the curved
lines on Fig. 3 speak for the appearance of a somehow or cther
retarded active mechanism of polarization. In all prcbability,
this is an inner layer high voltase polarization which develops,
as was shown by Kosman®* for a large number of solid bodies at
sufficiently high temperatures. That this in fact has taken
place in the present case might be inferred from the oscillogram
of the discharze of the sample by itself, Such csci’lcgrams were
taken down for all temperatures simultanecusly with t.ae discharsge
curves on the external resistance, However, above and bclow the
Curie point at temperatures as shown on the graphs of Figs. la,
2a and 1b and 2b, for a time of 0,02 sec, no signs of a self-
discharge have apreared on the oscillograph.

As shown by the measurements of hodakov on tan &, bar-
ium titanate at the Curie point undergoes scme lrwering. This is
probably the case from the point of view discussed, as cbtained
from the oscillograph, The capacity at the Curie point increases,
and nothing unusual happens since there i:¢ loss during the Curie
point transition,

Only at sufficiently high temperatures far f{rom the
Curie pcint does the self-discharge shown on the coscillograrh
set in to produce a drift of the discharges threough the samples
which gradually develops during further rise in temperature.
This also creates the conditions necessary for the formation of
an inner layered polarization. The character cof the phenocmenon

in Rechelle salt is quite different.
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On Fig. 4 is plotted a logarithmic graph constructed
from the oscillogram discharge for a resistance of 1.45 M ohms
for a sample of Rochelle salt 4O x 40 x 6 mm, cut from a single
crystal perpendicular to the single ferroelectric axis. Ex-
ploration in the field of temperatures in the region above the
Curie point showed that above it beyond the region of spontaneous
polarization the line is straight and passes through the origin
of the co-ordinates. Here Rochelle salt shows itself to be a
dielectric with susceptibility unchanged in the process of dischar:
and with negligible losses. On the other side of the Curie point
a bending of the line is at once produced, and this speaks for a
delayed action of the mechanism of polarization. This is explainec
when one observes the decrease in susceptibility of unochelle salt
at increased frequencies.,

Barium titanate also has a logarithmic graph which is
straight at the beginning and then proceeds from the co-ordinate
crigins, The noticeable bend in the curve only becomes apparent
after a comparatively large interval of time (greater than 5)(10"3
sec). This indicates a seccnd additional mechanism of polarizatiorn
It is possible to show that this mechanism will make itself felt
only at sufficiently low frequencies, such as the case if the con-
denser should be periodically recharzed in one direction, as in a
filter circuit.

The graph for Rochelle salt is curved at the beginning
of the discharge and straight at the end. Prolongation backward
of the rectilinear section of these graphs does not hit the co-
ordinate origins  This indicates a comparatively larger relaxa-

tion time for the polarization mechanism in Rochelle salt than that
cf barium titanate.

In this way it is once more confirmed that the ferro-
electric properties in barium titanate are essentially different
from those that are found in Rochelle salt and similar dielectrics.

In conclusion I wish to thank Prof. B. M. Vul for his
interest in the work and for discussions of the results.
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